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Abstract

Food protein-induced enterocolitis syndrome (FPIES) represents the severe end of the
spectrum of gastrointestinal food hypersensitivity; its acute episodes can culminate in
severe dehydration and hypovolemic shock, and its chronic form entails considerable
morbidity associated with feeding difficulty and failure to thrive. Nevertheless,
awareness for this syndrome remains rather low. Many factors hamper the
establishment of FPIES diagnosis. Such factors pertain to the pathophysiological
mechanism of the syndrome, causal food proteins, clinical manifestations, diagnostic
procedures, differential diagnosis considerations, and prevailing perceptions which
may require critical appraisal. Throughout this review, we will present and discuss
these issues and put the focus on factors that could lead to under-diagnosis of FPIES,
cause numerous acute episodes, and substantially increase the diseases morbidity and
financial burden. We will also address other issues that are clinically relevant to
FPIES.

Food protein-induced enterocolitis syndrome (FPIES) is a non-
IgE-mediated food hypersensitivity syndrome which manifests
with severe symptoms from the gastrointestinal tract. It rarely
appears after the first year of life, with a mean age of initial
presentation of 5.5 months (1–3). The first report of FPIES
dates back to 1940 (4). More insight was provided by Gryboski
(5) and Powell (6–8) who described the basic characteristics of
the syndrome in infants presenting with severe diarrhea and
vomiting induced by cow’s milk (CM).

Although historically perceived as a rare syndrome, a rather
considerable prevalence of 0.34% has recently been reported in
a large-scale, prospective, population-based study (9). This
raises the question of whether under-diagnosis of FPIES has
thus far caused underestimation of its prevalence. Indeed,
differential diagnosis of FPIES is challenging, as it is hampered
by many of the diseases pathophysiological features. Further-
more, the morbidity of the chronic form is associated with
feeding difficulty and failure to thrive, and the acute episodes
may lead to severe dehydration and hypovolamic shock; these
further underscore the importance of a prompt diagnosis. We
therefore opted to review FPIES from this perspective and
emphasize the factors that could impede differential diagnosis
and hamper identification of patients. Alongside such issues,
we present and discuss additional information of clinical
relevance pertaining to basic aspects of FPIES.

Diagnostic considerations

• Food protein-induced enterocolitis syndrome is perceived
as a rare syndrome, and therefore, it is not included in the
initial diagnostic approach of the clinician. Nevertheless, it
probably is more prevalent than previously appreciated.

Which foods usually cause FPIES?

Cow’s milk and soy have been implicated as eliciting factors
from the very first reports of FPIES and are the usual
offending foods (1, 10, 11). Nevertheless, solid foods (rice (12),
chicken, egg, nuts oat, barley, green peas, sweet potatoes,
lentils, fish, shellfish, egg (13), fruits (14), etc.) have also been
demonstrated to cause a frequently more severe form of the
syndrome. In that respect, rice-induced FPIES is suggested to
be fairly common and particularly severe (2, 11, 12, 15, 16). In
fact, solid-food FPIES is affecting infants of a higher mean age
than the CM-/soy-induced equivalent, probably mirroring the
normal temporal succession of food introduction in their diet.
Solid-food FPIES has also been reported in adult age following
ingestion of seafood (17), albeit such a late onset is rare. Thus,
diversity in time of onset questions the usefulness of general-
ized guidelines regarding the timeline of FPIES appearance.
The ease of diagnosing solid-food FPIES is also affected by
breastfeeding: Exclusively, breastfed infants are not exposed to
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CM/soy, and therefore, there are no signs of potential food
hypersensitivity until the time of solid food feeding (and the
subsequent acute solid-food FPIES episodes). Conversely,
infants that are not exclusively breastfed are exposed to CM/
soy, and therefore, an early reaction to CM/soy may indicate a
potential propensity to future solid-food FPIES; indeed,
FPIES episodes to CM/soy and solid food are strongly
correlated. In any event, FPIES could probably be elicited by
any food, suggesting that a high index of suspicion is required
from the clinician. From this perspective, it is intriguing that
egg, a food of considerable allergenicity, is rarely a cause of
FPIES. This can probably be ascribed to its delayed introduc-
tion in the infants diet and subsequent avoidance of the
‘window of physiologic susceptibility’ (3). Conversely, food
proteins traditionally believed to be of low allergenic potential
are administered quite early in the course of weaning. They are
therefore fairly often the unexpected cause of acute FPIES.
Such paradoxical behavior further perplexes the syndromes
diagnosis and implies that generalizations about food aller-
genicity may be inappropriate during evaluation of a potential
FPIES patient.

Diagnostic considerations

• The perception that foods such as poultry, grains and
vegetables are of negligible allergenic potential impedes
their association with the patients symptoms. However,
FPIES is frequently elicited by foods widely perceived as
‘non-allergenic’.

• The existence of two discrete food subgroups with the
potential to cause FPIES, that is, CM/soy and solid foods,
further perplexes diagnosis. Clinicians should be aware of
differences in severity and age of onset between these two
trigger-defined disease types.

Diversity of clinical manifestations

The clinical features of FPIES vary considerably (13, 18). Both
their nature and severity are directly depended on the age of the
infant and the frequency of the food intake. Clinical manifes-
tations of typical chronic FPIES usually begin in early infancy,
often within 1–4 wk after introduction of CM (3). Regular
administration of the offending food leads to chronic symp-
toms which include intermittent vomiting, diarrhea, irritability
and failure to thrive. All symptoms are rapidly resolved
following exclusion of the food from the infants diet (11)
(Table 1). Nevertheless, its re-introduction following a period
of avoidance will culminate in a full-blown acute FPIES
episode. This entails severe clinical symptoms such as repetitive
projectile vomiting with a typical elicitation timeframe of 1–3 h
following food intake, lethargy, pallor, cyanosis, hypothermia,
and diarrhea (2–10 h following food intake). The two later
symptoms predispose for a markedly severe reaction (2)
(Table 1).

Even though the clinical manifestations during an acute
FPIES episode are rather typical, great variability in their
nature, severity and timeframe of onset is common. In a
retrospective case study of 35 patients, the most common

Table 1 Comparison of clinical manifestations and laboratory findings between chronic and acute FPIES

Clinical manifestations/laboratory findings during regular

administration of causal food protein (chronic FPIES)

Clinical manifestations/laboratory findings following first-time

introduction of causal food protein or re-introduction following an

extended period of avoidance (acute FPIES)

Periodic vomiting

Chronic

Profuse repetitive projectile vomiting

Typically commencing 1–3 h following food intake (2)

Periodic diarrhea

Chronic

Potential presence of blood, leucocytes, eosinophils,

reducing substances (13) and Charcot–Leyden crystals (25) in stool

Diarrhea (24%) (2)

Typically commencing 2–10 h following food intake. Median 5 h

Potential presence of blood, mucous, leucocytes eosinophils (32),

increased levels of TNF-alpha (7, 26, 39), and carbohydrates

(15) in stool

Lethargy/septic appearance (22) Lethargy (21)/pallor (1)

Failure to thrive Hypothermia < 36°C (24%) (2)

Hypotension (15%) (15)

Dehydration Dehydration

Hypovolemic shock (20%) (2)

Acidemia (15%)(22)

Abdominal distension (3) Thrombocytosis > 500 9 109/l (63%) (2)

Methemoglobinemia (22) Methemoglobinemia (35%) (21)

Cyanosis

Lactose malabsorption (1)

Anemia (1)

Hypoalbuminemia (1)

Leucocytosis (15)

(increase in absolute neutrophil count > 3500 cell/ll, absolute
value 5500–16,800 cell/ll, median value 9900 cell/ll, maximum

value 6 h following food intake) (15, 20)

[reported in 90–100% of the patients (1, 7, 20)]

FPIES, food protein-induced enterocolitis syndrome.
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clinical features were vomiting (100%), lethargy (85%), pallor
(67%), and diarrhea (24%) (2); in another large retrospective
study of 462 cases, vomiting was present in all patients and
diarrhea was seen in 54% (19). However, others have reported
no vomiting in up to 28% of confirmed FPIES patients (7).
Accordingly, Hwang et al. (20) reported that two key symp-
toms of acute FPIES, vomiting and lethargy, were concomi-
tantly observed in only 62% of patients after a positive oral
food challenge (OFC); however, lethargy is a rather subjective
symptom as compared to vomiting and diarrhea and, there-
fore, its assertion may be more confounded. The time of onset
of diarrhea was also found to vary significantly (1).

Diagnostic considerations

• The clinical picture of the patient with FPIES varies
depending on the frequency of the intake of the inciting
food. This further obscures a link of such diverse symptoms
with a single underlying disease. It should therefore be
realized that FPIES can present in two forms, that is, acute
and chronic, with marked differences in the severity of
symptoms.

Usefulness of laboratory findings

Food-specific IgE antibody levels are typically undetectable, and
skin prick tests (SPTs) with the causative food are negative in up
to 90% of patients with FPIES (20, 21). Nevertheless, positive
results have been reported and correlate with a prolonged course
of the syndrome and decreased probability of tolerance induc-
tion (11, 22, 23). Therefore, SPTs have some use inmonitoring of
established disease (as opposed to its diagnosis) (15). This is
further supported by a suggested link of FPIES to atopy (22) and
the existence of an atypical IgE-positive FPIES phenotype (13).
Furthermore, SPTs can be used to rule out current IgE reactivity,
as some patients may go on to develop IgE-dependent food
allergy in the future. In any event, the use of SPTs is not indicated
for the diagnosis of FPIES. In regard to atopy patch tests
(APTs), one study reported negative and positive predictive
value as high as 100% and 75%, respectively (10). However,
these promising findings have been challenged by two recent
studies, one of which investigated a total of 462 patients (19, 24);
this scarcity of reports and the marked phenotypic differences
between cutaneous and gastrointestinal T lymphocytes (13) do
not allow for firm conclusions regarding the diagnostic useful-
ness of APTs (15, 20, 22).

Methemoglobinemia is reported during severe acute FPIES
(21, 22) and is ascribed to reduced action of catalase due to
overproduction of intestinal nitrates (15). Although this finding
appears to be FPIES specific, its sensitivity is low (25), hence
lowering its usefulness as a diagnostic tool. Accordingly, the
findings of endoscopy and/or intestinal biopsy are variable and
non-specific. They often include diffuse inflammation consist-
ing of lymphocytes, plasmacytes, eosinophils and mast cells
(15, 26) with or without illeal involvement (1, 22), friable and/
or hemorrhagic intestinal mucosa with ulcers (15, 22, 27), as
well as edema and villous atrophy (22).

Gastric juice leukocytosis is an intriguing diagnostic option,
and it could constitute a future criterion of food challenge

positivity (20). However, it is currently a research tool rather
than a validated diagnostic test, and further investigation is
warranted before it can be routinely utilized in clinical
practice.

Thrombocytosis (>500 9 109 cells/l) following intake of the
offending food was reported in 63% of a patient cohort (2),
possibly due to platelet release from the spleen caused by
epinephrine overproduction. Nevertheless, this test’s low sen-
sitivity and specificity limit its usefulness. Accordingly, C-
reactive protein tests are also unsuitable as shown from
conflicting evidence (20, 28).

In contrast to the aforementioned laboratory findings which
are generally inconclusive, leucocytosis is a prominent compo-
nent of acute FPIES. An absolute neutrophil count rise of
>3500 cells/l over the baseline is reported in over 90% of
patients after ingestion of the culprit food (1, 7, 18). However,
although this tests sensitivity is high, its specificity is limited, as
leucocytosis is a feature of numerous pathologic conditions
including infectious diseases, a key consideration in FPIES
differential diagnosis. Metabolic acidosis and an abnormal
stool smear test, although correlated with FPIES, are also
findings typical of sepsis-like illnesses and fall short in
effectively supporting diagnosis of FPIES.

Diagnostic considerations

• To date, there is a lack of pathognomonic and definitive
diagnostic tests for FPIES. The only validated in vivo/in
vitro test that is reliably sensitive, that is, leucocytosis,
suffers from limited specificity and cannot effectively
pinpoint FPIES. Therefore, its diagnosis is currently
depended on clinical criteria.

Reaching a diagnosis

Identifying FPIES patients is a challenging undertaking as
exemplified by the extreme report of a patient who underwent
five intensive care unit admissions before diagnosis was set
(11). Furthermore, a correct diagnosis was established in only
11% of patients presenting with an acute episode, whereas the
rest received no diagnosis or a diagnosis of viral infection,
sepsis, intussusception and/or ‘food allergy’ in general (2).
Accordingly, 34% of another patient cohort underwent
gastric X-ray and up to 8% underwent electrocardiogram,
electroencephalogram and even investigational laparotomies
(2, 29, 30).

Insofar as diagnosis is set on a clinical basis, a thorough
medical history is invaluable (19, 31). Failure to gain weight
(<10 g/day) is correlated with chronic FPIES (32). Accordingly,
factors strongly indicative of acute FPIES are prior sudden-
onset episode(s) following intake of the suspect food, exclusion
of other potential FPIES-mimicking diseases, and symptom
resolution after food omission from the patients diet (15, 25,
33). It should also be noted that previous uneventful ingestion
of the suspect food does not rule out acute FPIES, as the
reaction can occur after repeated feedings. Indeed, only 61% of
a patient cohort reacted upon first-time-ingestion of the
offending food, whilst the rest tolerated it for up to three
administrations before experiencing an acute episode (2).

ª 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd 3

Guibas et al. FPIES: pitfalls in the diagnosis



When the medical history is strongly supportive of FPIES,
an OFC is not required to set the diagnosis (22). Nevertheless,
when history is inconclusive, reappearance of the symptoms
following an OFC is indicative of the syndrome. OFCs are also
important for the follow-up of established disease, as they are
the main tool for confirming tolerance induction (22). Chal-
lenging a patient with established or suspected FPIES is a high-
risk procedure and should be carried out in a hospital setting
under close supervision and with an IV line in place (15)
(Fig. 1).

Diagnostic considerations

• In acute FPIES, the severity of the patient’s condition
could initially divert the clinician from diagnosing the
syndrome. However, taking a detailed medical history
is imperative as it will provide valuable information about
prior reactions and/or newly introduced foods.

• Report of previous uneventful ingestion of the suspect food
should not rule out FPIES; reacting upon later feedings is
not uncommon.

Why is it so hard to identify?

A plethora of pathologic entities present with symptoms
mimicking an acute FPIES episode. These include – but are
not restricted to – infectious diseases (Salmonella, Shigella,
Campylobacter, Yersinia sp., etc.), metabolic and coagulation
disorders (34), gastroesophageal reflux disease, gastrointestinal
bleeding, and endocrine diseases (35). It is also important to
rule out surgical abdominal emergencies presenting with
FPIES-like symptoms, in order to avoid non-required surgical
procedures. Necrotizing enterocolitis, intussusception, and
Hirshprung disease are the three most common conditions
leading to misdiagnoses in a surgical context. In fact, in FPIES
patients, detection of intramural gas on abdominal radio-

Figure 1 Oral food challenge (OFC)

procedure. Different centers may

use altered protocols regarding the

timing and number of food

administrations, as well as

regarding the time period of

patient observation. A recent

report also suggests that oral

rehydration may be sufficient for

mild reactions (9); however, such a

protocol may not be appropriate for

all populations (and especially for

infants with severe reactions) and

has to be validated by further

research. Strict safety measures

should be instituted, and an IV line

should be in place at the beginning

of the OFC.
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Table 2 Features of the gastrointestinal disorders of allergic origin that are implicated in differential diagnosis with FPIES, as compared with the respective features of FPIES

Disease-specific features Shared features Disease-specific features

Proctocolitis No vomiting Bloody stools

No detection of food-specific IgE

Negative skin prick tests (SPTs) (34)

Avoidance of causal protein leads

to symptom resolution (34)

Vomiting prominent (22) FPIES

Normal or loose stools (34)

Diarrhea rare (15)

Diarrhea prominent

Good general condition Affected general condition

Onset usually within the first 3 months

Mostly within the first 6 months (34)

Onset usually within the first 3–6 months, possibly up to 1 yr

Cases of onset at an older age reported (1, 3)

Usually breastfeeding (60%) (25) Breastfeeding very rare

Usually on cow Milk/soy formula or during weaning

Normal growth (22) Failure to thrive (22)

Tolerance induction usually by

1 yr of age (34)

Tolerance induction usually by 3 yr of age, albeit it

is food and other factors depended and can last for a lot longer (3, 15)

Normal hematocrit (37)

Anemia rare (25, 34)

Anemia possible (1)

No severe symptoms following food

reintroduction after a period of avoidance

Acute episode with severe symptoms following

food reintroduction after a period of avoidance

Blood eosinophilia possible (15) No blood eosinophilia (15)

No leucocytosis (35) Leukocytosis in >90% of patients (1, 20)

Enteropathies No bloody stools Diarrhea

Vomiting

Hypoalbuminemia

Anemia (34)

Failure to thrive (34)

No detection of food-specific IgE

Negative SPTs (34)

Avoidance of causal protein leads

to symptom resolution (34)

Bloody stools

Vomiting intermittent (22) Vomiting prominent (22)

No severe symptoms following food

reintroduction after a period of avoidance

Acute episode with severe symptoms following

food reintroduction after a period of avoidance

No acidemia (35) Acidemia possible (15%)

No methemoglobulinemia (35) Methemoglobulinemia possible (35%) (21)

Eosinophilic

disorders

Blood eosinophilia ranging from 50% (ΕΕ)
to 66% (ΕG) (25) (up to 75% reported) (37)

Diarrhea (ΕG)
Vomiting

Hypoalbuminemia

Anemia

Failure to thrive (37)

Atopic predisposition in 70–80%

of patients (15, 25)

Avoidance of causal protein leads

to symptom resolution

No blood eosinophilia (15)

Detection of food-specific IgE-Positive SPTs

(34) (in approximately 50%) (15)

No detection of food-specific IgE

Negative SPTs (34)

Onset at any age (25) Onset usually within the first 3–6 months, possibly

up to 1 yr. Cases of onset at an older age

reported (1, 3)

Can last into adulthood (25) Tolerance induction usually by 3 yr of age, albeit

food dependency exists and can last for

much longer (15)

Usually caused by multiple

food proteins (22)

Food protein specific

EE, eosinophilic esophagitis; EG, eosinophilic gastritis; FPIES, Food protein-induced enterocolitis syndrome.
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graphs could erroneously prompt a diagnosis of necrotizing
enterocolitis (3). Nevertheless, symptoms of acute FPIES are
bound to subside within a few hours of fluid resuscitation; this
is not the case for sepsis and/or surgical emergencies, and this
will assist in differential diagnosis from these conditions.

Diseases of allergic background such as IgE-mediated reac-
tions, non-IgE-mediated reactions (allergic proctocolitis and
food protein-induced enteropathy) (36), and mixed IgE-/non-
IgE-mediated reactions (eosinophilic esophagitis, gastritis, and
colitis) (37) also need to be distinguished fromFPIES.Regarding
immediate (IgE-mediated) reactions, potential cutaneous and
respiratory symptoms and the typical time frame of onset (i.e.,
<1 h following food intake) are important diagnostic clues (3). In
regard to the rest of the food-induced allergic disorders, a
detailed presentation of clinical and laboratory findings and
their comparison with FPIES features are presented in Table 2.

It is thus apparent that a high index of suspicion is required
upon presentation of a patient with clinical manifestations
resembling FPIES. Even the well-documented protection pro-

vided by breastfeeding has recently been challenged (28, 38). To
date, this protection has been an important diagnostic cluewhich
has allowed exclusion of an FPIES diagnosis in exclusively
breastfeeding infants. Therefore, consultation with a pediatric
subspecialist (allergist/immunologist/gastroenterologist) is
important in an attempt to establish the diagnosis, identify the
culprit food, and design an appropriate management plan.

Diagnostic considerations

• In an acute episode, the patient often presents with severe
septic-like clinical manifestations resembling infection,
metabolic disorders, or surgical emergencies. However,
rapid and complete symptom resolution following fluid
resuscitation is a characteristic of acute FPIES and is
typically not seen in these conditions.

Knowledge on pathophysiology still lacking

As the diagnosis of FPIES is set clinically, information pertain-
ing to the syndromes pathophysiology is limited and warrants

Figure 2 Treatment algorithm. The

schematic assumes that

administration of solid foods will

commence upon the 6th month. If

solids are introduced earlier (e.g.,

the 4th month), then the guidelines

in regard to the 6th–12th months

are extended (e.g., 4th–12th

month). This algorithm is based on

current knowledge and is likely to

change as new data become

available (e.g., recent evidence

questions the protective effect of

breastfeeding and/or the high cross-

reactivity between cow’s milk [CM]

and soy).
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further characterization (13). Current paradigm maintains that
FPIES is underpinned by mucosal inflammation and increased
intestinal permeability. To date, there is substantial evidence to
suggest the involvement of antigen-specific T cells and eosin-
ophils as well as cytokines such as TNF-alpha, IL-10, and TGF-
beta (13). Indeed, TNF-alpha may play a role in the pathophys-
iological mechanism of FPIES, as its expression is elevated in the
intestinal epithelial cells and CM-specific T cells of patients (26,
39). Impaired production of the epithelium-protecting cytokine
TGF-beta could also be important for FPIES pathophysiology.
IFN-gamma and IL-4 are also implicated (1, 9), albeit the exact
underlying mechanism is unclear (1, 11).

Diagnostic considerations

• The pathophysiological mechanisms underpinning FPIES
must be dissected and dealinated in order for the clinician
to achieve a solidly structured diagnostic approach.

Immediate treatment and long-term follow-up

The mainstay of the treatment of acute FPIES is rigorous
intravenous(IV)resuscitationtoavoidahypovolemicshock.This
will likelybesufficientforthepatient’ssuccessfulrecovery(3).The
use of corticosteroids, although under debate, could assist in
arresting the inflammatorycascade (22).Conversely, epinephrine
will offerno significantassistanceas thehypovolemic condition is
not angiogenic but is caused by substantial GI liquid loss.
Ondansetron hydrochloride, a drug widely used to prevent
vomiting induced by chemotherapy and radiation, has been
recently suggested to be of value for the management of acute
FPIES (40); however, further research is warranted. Apart from

the management of the acute episode, FPIES treatment entails
long-term follow-up of the patient and an organized effort to
reintroduce the incriminated foods in his/her diet. Treatment
shouldbe individualizedas it is influencedbyaplethoraoffactors.
These include the patients age, the number and nutritional value
of the inciting food(s), the severity of the acute episodes as well as
specific IgE titers and potential atopic predisposition; all these
also dictate the time schedule of the food challenges (22).
Regardless of individualization, the basis of every patients
follow-up consists of certain well-documented and simple guide-
lines: (i) Identification of causal food and its complete omission
from the patients diet (22), (ii) uninterrupted administration of
every other food that the patient tolerates, (iii) titrated food
challenges under supervision, undertaken ona case-by-case basis
to identify potential tolerance induction, and (iv) re-introduction
of the incriminated food upon establishment of tolerance.

Extending elaborate follow-up guidelines for already estab-
lished disease is beyond the scope of this review. Nevertheless,
a brief algorithm outlining treatment measures is presented in
Fig. 2.

Concluding remarks

Considering that the differential diagnosis of FPIES is a
challenging task, the syndrome is likely under-diagnosed.
However, the potential of FPIES to cause near-fatal episodes
if not identified early underscores the necessity for a high
index of suspicion for this condition. Timely diagnosis will
contribute to the reduction of its substantial morbidity and
of the financial burden associated with the patients multiple
hospital admissions.

References

1. Sicherer SH, Eigenmann PA, Sampson HA.

Clinical features of food protein-induced

enterocolitis syndrome. J Pediatr 1998: 133:

214–9.

2. Mehr S, Kakakios A, Frith K, Kemp AS.

Food protein-induced enterocolitis

syndrome: 16-year experience. Pediatrics

2009: 123: e459–64.

3. Leonard SA, Nowak-Wegrzyn A. Food

protein-induced enterocolitis syndrome: an

update on natural history and review of

management. Ann Allergy Asthma Immunol

2011: 107: 95–101.

4. Rubin Μ. Allergic intestinal bleeding in the

newborn. Am J Med Sci 1940: 200: 385.

5. Gryboski J. Gastrointestinal milk allergy in

infancy. Pediatrics 1967: 40: 354–62.

6. Powell G. Enterocolitis in low-birth-weight

infants associated with milk and soy protein

intolerance. J Pediatr 1976: 88: 840–4.

7. Powell G. Milk-and soy-induced

enterocolitis of infancy. Clinical features

and standardization of challenge. J Pediatr

1978: 93: 553–60.

8. Powell G. Food protein-induced

enterocolitis of infancy: differential

diagnosis and management. Compr Ther

1986: 12: 28–37.

9. Katz Y, Goldberg MR, Rajuan N, Cohen

A, Leshno M. The prevalence and natural

course of food protein-induced enterocolitis

syndrome to cow’s milk: a large-scale,

prospective population-based study. J

Allergy Clin Immunol 2011: 127: 647–53.

10. Fogg MI, Brown-Whitehorn TA, Pawlowski

NA, Spergel JM. Atopy patch test for the

diagnosis of food protein-induced

enterocolitis syndrome. Pediatr Allergy

Immunol 2006: 17: 351–5.

11. Nowak-Wegrzyn A, Sampson HA, Wood

RA, Sicherer SH. Food protein-induced

enterocolitis syndrome caused by solid food

proteins. Pediatrics 2003: 111: 829–35.

12. Cavataio F, Carroccio A, Montalto G,

Iacono G. Isolated rice intolerance: clinical

and immunologic characteristics in four

infants. J Pediatr 1996: 128: 558–60.

13. Caubet JC, Nowak-Wegrzyn A. Current

understanding of the immune mechanisms

of food protein-induced enterocolitis

syndrome. Expert Rev Clin Immunol 2011: 7:

317–27.

14. Bruni F, Peroni DG, Piacentini GL, De

Luca G, Boner AL. Fruit proteins: another

cause of food protein-induced enterocolitis

syndrome. Allergy 2008: 63: 1645–6.

15. Nowak-Wegrzyn A, Muraro A. Food

protein-induced enterocolitis syndrome.

Curr Opin Allergy Clin Immunol 2009: 9:

371–7.

16. Mehr SS, Kakakios AM, Kemp AS. Rice: a

common and severe cause of food protein-

induced enterocolitis syndrome. Arch Dis

Child 2009: 94: 220–3.

17. Fernandes BN, Boyle RJ, Gore C, Simpson

A, Custovic A. Food protein-induced

enterocolitis syndrome can occur in adults. J

Allergy Clin Immunol 2012: 130: 1199–200.

18. Levy Y, Danon YL. Food protein-induced

enterocolitis syndrome–not only due to

cow’s milk and soy. Pediatr Allergy Immunol

2003: 14: 325–9.

19. Ruffner MA, Ruymann K, Barni S,

Cianferoni A, Brown-Whitehorn T, Spergel

JM. Food protein-induced enterocolitis

syndrome: insights from review of a large

referral population. J Allergy Clin Immunol

Pract 2013: 1: 343–9.

ª 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd 7

Guibas et al. FPIES: pitfalls in the diagnosis



20. Hwang JB, Song JY, Kang YN, et al. The

significance of gastric juice analysis for a

positive challenge by a standard oral

challenge test in typical cow’s milk protein-

induced enterocolitis. J Korean Med Sci

2008: 23: 251–5.

21. Murray KF, Christie DL. Dietary protein

intolerance in infants with transient

methemoglobinemia and diarrhea. J Pediatr

1993: 122: 90–2.

22. Sicherer SH. Food protein-induced

enterocolitis syndrome: case presentations

and management lessons. J Allergy Clin

Immunol 2005: 115: 149–56.

23. Benlounes N, Candalh C, Matarazzo P,

Dupont C, Heyman M. The time-course of

milk antigen-induced TNF-alpha secretion

differs according to the clinical symptoms in

children with cow’s milk allergy. J Allergy

Clin Immunol 1999: 104: 863–9.

24. Jarvinen KM, Caubet JC, Sickles L, Ford

LS, Sampson HA, Nowak-Wegrzyn A. Poor

utility of atopy patch test in predicting

tolerance development in food protein-

induced enterocolitis syndrome. Ann Allergy

Asthma Immunol 2012: 109: 221–2.

25. Maloney J, Nowak-Wegrzyn A. Educational

clinical case series for pediatric allergy and

immunology: allergic proctocolitis, food

protein-induced enterocolitis syndrome and

allergic eosinophilic gastroenteritis with

protein-losing gastroenteropathy as

manifestations of non-IgE-mediated cow’s

milk allergy. Pediatr Allergy Immunol 2007:

18: 360–7.

26. Chung HL, Hwang JB, Kwon YD, Park

MH, Shin WJ, Park JB. Deposition of

eosinophil-granule major basic protein and

expression of intercellular adhesion

molecule-1 and vascular cell adhesion

molecule-1 in the mucosa of the small

intestine in infants with cow’s milk-sensitive

enteropathy. J Allergy Clin Immunol 1999:

103: 1195–201.

27. Burks AW, Casteel HB, Fiedorek SC,

Williams LW, Pumphrey CL. Prospective

oral food challenge study of two soybean

protein isolates in patients with possible

milk or soy protein enterocolitis. Pediatr

Allergy Immunol 1994: 5: 40–5.

28. Nomura I, Morita H, Hosokawa S, et al.

Four distinct subtypes of non-IgE-mediated

gastrointestinal food allergies in neonates

and infants, distinguished by their initial

symptoms. J Allergy Clin Immunol 2011:

127: 685–8.

29. Ikola RA. Severe intestinal reaction

following ingestion of rice. Am J Dis Child

1963: 105: 281–4.

30. Jayasooriya S, Fox AT, Murch SH. Do not

laparotomize food-protein-induced

enterocolitis syndrome. Pediatr Emerg Care

2007: 23: 173–5.

31. Boyce JA, Assa’ad A, Burks AW, et al.

Guidelines for the diagnosis and

management of food allergy in the United

States: summary of the NIAID-sponsored

expert panel report. J Allergy Clin Immunol

2010: 126: 1105–18.

32. Lee SH, Choi SY, Lee BC, et al. Risk

factors for the early recognition of cow’s

milk protein-induced enterocolitis. Korean

J Pediatr 2005: 48: 991–7.

33. Bone J, Claver A, Guallar I, Plaza AM.

Allergic proctocolitis, food-induced

enterocolitis: immune mechanisms,

diagnosis and treatment. Allergol

Immunopathol (Madr) 2009: 37: 36–42.

34. Nowac-Wegrzyn Α. Food protein induced

enterocolitis, enteropathy and proctocolitis.

In: Metcalfe D, Sampson H, Simon R. eds.

Food Allergy Adverse Reactions to Foods and

Food Additives, 3rd edn. Hoboken, NJ:

Blackwell Publishing, 2003; Chapter 18:

227–38.

35. Hwang JB, Lee SH, Kang YN, Kim SP, Suh

SI, Kam S. Indexes of suspicion of typical

cow’s milk protein-induced enterocolitis. J

Korean Med Sci 2007: 22: 993–7.

36. Sicherer SH. Clinical aspects of

gastrointestinal food allergy in childhood.

Pediatrics 2003: 111: 1609–16.

37. Liacouras CA. Eosinophilic gastrointestinal

disorders. Νutrition Issues in

Gastroenterology, Series #48 Practical

Gastroenterology. Westhampton Beach,

NY: Shugar Publishing Inc., 2007.

38. Monti G, Castagno E, Liguori SA, et al.

Food protein-induced enterocolitis

syndrome by cow’s milk proteins passed

through breast milk. J Allergy Clin Immunol

2011: 127: 679–80.

39. Heyman M, Darmon N, Dupont C, et al.

Mononuclear cells from infants allergic to

cow’s milk secrete tumor necrosis factor

alpha, altering intestinal function.

Gastroenterology 1994: 106: 1514–

23.

40. Holbrook T, Keet CA, Frischmeyer-

Guerrerio PA, Wood RA. Use of

ondansetron for food protein-induced

enterocolitis syndrome. J Allergy Clin

Immunol 2013: 132: 1219–20.

8 ª 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

FPIES: pitfalls in the diagnosis Guibas et al.


